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DN TRODUCTION

Potentially active faults located in southern Los Angeles and northern
Orange Counties that are evaluated in this FER form the Newport-Inglewood
fault zone and include the Seal Beach, Nerth Branch, Bolsa-Fairview, South
Branch, Adams Awenue, Indianapolis, Yorktown, and other associated faults
(figure 1). Some of these faults were zoned for Special Studies in 1976 in
the Ios Alamitos and Seal Beach 7.5-minute guadrangles (CDMG, 1976a, 1976b).
SEome faults in these guadrangles may not be Holocene active and most of the
zones appear to be unnecessarily wide. In addition, faults that may bhe active
(Holocene) were not zoned in 1976 {e.g, parts of the Seal Beach and Newport
Beach quadrangles). These faults are evaluated as part of a statewide effort
to evaluate faults for recency of activity. Those faults determined to be
sufficiently active and well-defined are zoned by the State Geologist as
directed by the Alquist-Priolo Special Studies Zones Act (Hart, 1985).

SUMMARY QOF AVAILABLE DATA

The northwestern coastal Orange County study area is characterized by a
tectonic regime dominated by strike-slip faulting along elements of the San
Andreas fault system. Topography in the atudy area iz generally subdued,
ranging from the flat floodplains and marshland of the San Gabriel and Santa
Ana rivers to a series of low hills and mesas aligned along a general
northwest trend. Elevations in the study area range from sea lavel to about
120 feet, Development in the study area is extremely heavy; the earliest
aerial photographs (1927) de not predate the extensive oil field development
along the Newport-Inglewcod fault zone.

Fredominant rock types exposed in the study area include Miocene and
Fliocene marine sedimentary rocks, lower Fleistocene San Pedro Formation,
upper Fleistocene Lakewocod Fommation, and Holocene alluvium {(Foland and
others, 1956; CDWR, 1966, 1968). Pleistocens sedimentary rocks underlie the
low mesas which include (from north to south) Bixby Ranch Hill, Landing Hill,
Bolsa Chica mesa, Huntington Beach mesa, and Newpert mesa {(figure 1), These
mesas, which represent an uplifted late Pleistocene surface {(Poland and
others, 1956) are separated by water gaps cut by the San Gabriel and Santa Ana
rivers during the last low stand of sea lewel (17-20Ka) (Davis, 198l1; Poland
and others, 1956). The water gaps, known as the Alamitos, Sunset, Bolsa, and
Santa Ana gaps (figure 1), have been backfilled with Holocene alluvial
floocdplain, lagoonal, and tidal marsh deposits (CDWR, 1966, 1968}.



The Newport-Inglewood fault zone extends for about 70 kn from Newport
mesa northwest to the Cheviot Hills along the western side of the Los Angeles
Bagin (Baryows, 1974}, The Newport-Inglewood fault zone, which was originally
Zoned for Special Studies in 1976, will be re-evaluated in two Fault
Evaluation Reports (FER's). This FER will evaluate segments of the
Newport-Inglewood fault Zone in the Los Alamitos, Seal Beach, and Newport
Beach 7.5-minute gquadrangles {(figure 1).

The Newport-Inglewood fault zonpe consists of a geries of northwest-
trending, generally right-latexral atrike-glip faults., Individual faults at,
or near, the surface within the zone form short, discontinuous, generally
left-stepping en echelon patterns. Associated northwest- to west—trending,
right-stepping anticlinal folds, and numerous short subsidiary normal and
reverse faults form what has variously been termed the Newport-Inglewood
structural zone (Barrows, 1974), Newport-Inglewood xone of deformation (WCC,
1973), Newport-Inglewood uplift, or the Newport-Inglewood zone of flexure.
For purposes of this report, the term Newport-Inglewood fault zone will be
used because only those faults at or near the surface will be evaluated.

Harding (1973) conasidered the Newport-Inglewood fault zone to typify the
wrench-tectonie style of deformation, Evidence for wrench deformation cited
by Harding includes: (1) laterally offszet fold axes and fold flanks:

(2) horizontal slickensides observed along faults (well core data):

{3) juxtaposed dissimilar stratigraphies; {(4) variable nature of fault zone;
(5} en echelon fold and fault pattern; (6) strike-sglip genesisg of asacciated
secondary structures; and (7) parallel trend with documented wrench faults
(i.e. San Andreas fault)., The relatively small displacements of fold axes and
the lack of a through-going fault in the sedimentary cover (Quaternary
depogits?) indicated to Harding that the Newport=-Inglewood fault zone is in
the ecarly stages of structural development (after Wilcox and others, 1973).

The magnitude of right-lateral cffset along the Newport-Inglewcod fault
zone is not well known. Harding (1973) indicated that right-lateral
strike-slip displacement of structural axes ranges from 180 to 760 meters,
Hill (1971} reported that offsets of Miccens, Fliocene, and Fleistocene
lithofacies seem to confirm right-lateral displacements of up to 3 km.
Hazenbush and Allen (1958) suggested that the maximum horizontal deformation
along the Newport-Inglewood fault zone may total more than 9-1/2 knm since
middle Miocene time. Woodward-Clyde Consultants (WCC, 1979) eatimated that up
to 3-1/2 km of right~lateral displacement has occurred along the fault zone
since late Mioccene time. :

WCC (1979) caleulated a slip-rate of about 0.5 nm/yr along the southern
Newport-Inglewood fault zone, based on correlation of E-loyg data in the Seal
Beach and Huntington Beach oil fields. The 0.5 me/yr slip-rate represents
fault displacement since late Miocene time, and it is not certain how this
glip-rate relates to late Quaternaxy slip-rates. It was found that segments
of the Newport-Inglewood fault zone in Huntington Beach, Seal Beach, Iong
Beach, and the Baldwin Hills are all characterized by long-temm glip-rates of
about 0.5 mm/yr (Guptill and Heath, 198l). It was also concluded that the

rYatio of horizontal slip to vertical slip was about 20:l {wee, 1979),

Clark and others {1984) assigned a preferred late Quaternary slip-rate of
about 0.6 mm/yr along the North Branch fault in the Bolsa gap area. Clark and
others emphasized that there ware significant to major uncertainties inwlved
with the estimates of maximum slip along the fault. It was alsa noted that



the slip-rate is based on apparent vertical separation of the Bolsa aquifer;
horizoptal slip is not known,

SEAL BEACH AND HORTH BRANCH FAULIS

Horthwest of the study area, the principal actiwve trace of the
Newport—Inglewood fault zone is delineated by the northwest-trending Reserwir
Hill fault (figqure 1). The Newport-Inglewood fault zone is characteriged by a
single trace (Seal Beach Ffault) in the northwest corner of the study area, but
splays into many branches in the central and moutheastern parts of the study
arca (figure 1). The Seal Beach fault of Bowes (1943) is considerad to be
contimious with the Reservoir Hill fault by both Bowes and Poland and others
{(19256), In the Bolsa gap area the Seal Beach fault splays inte seweral
branches, the North Branch fault {also known as the High School fault) being
considered the principal fault trace, The North Branch fault is probably the
southeastern extension of the Seal Beach fault (Willis 1958; WCC, 1984)}. In
order to facilitate discussion in thils report, the Seal Beach fault is
congidered to extend inte Sunset gap and the northwestern part of the North

Branch (High School) fault is considered to begin at Bolsa Chica Mesa.

Bixby Fanch Hill - Sunset Gap

Traces of the Seal Beach and North Branch faults in the Bixby Ranch Hill-
Sunset gap area were zoned for Special Studies in 1976, based on mapping by
Poland and others (195¢) and California Department of Water Rescurces (CDWR,
1968) (figure 2a). Poland and others (1956) did not recognize the Seal Beach
fault as a strike-slip fault, but rather, as a steeply northeast-~dipping
nomal fault. Late Fleistocene deposits are offset along the fault on Bixby
Ranch Hill, Landing Hill, and Bolsa Chica mesga, but Poland and others 4id not
observe evidence of Holocene ocffaet., Howewer, the 1976 zone maps were based
on evidence of Quaternary activity (compared to the current Holocene
criterion). Zeilbauer and others (1961) postulated that late Pleistocene
offset along the Seal Beach fault was left-lateral strike-slip. Howewver, this
sense of offset is not compatible with the regional tectonic style and trend
of the Seal Beach fault. <California Division of Oil and Gas (CDOG) summaries
(CDOG, 1974) indicated that the Seal Beach oil field is characterized by a
through-going, northwest~trending, right-lateral strike-slip fault,

COWR (1968) mapped the Szal Beach fault as offsetting late Flelgtocene
deposits in Landing Hill and Bolsa Chica mesa. Late Holocene alluvial
deposits at the surface are not offset in the Alamites and Sunset gaps
(figure 2a). Data presented in cross section E-E' (CDWR, 1968) are not clear
regarding offset of Holocene deposits because there iz a lack of well control
on the southwest side of the fault, However, there is a strong salinity
contrast in ground water in Fleistocene and Holocene alluvial deposita on the
southwest side, indicating that a geclogical barrier of some kind exists
within about 900 meters of the mapped trace of the Seal Beach fault. The
location of the surface trace of the Seal Bsach fault in Sunset gap was
inferred based on the location of two small hillecks assumed to be underlain
by late Fleistocene deposits (Hog Island and a small hillock in the Huntington
Harkbor area) (Poland and others, 1956; CDWR, 1968) (leocalitier 1, 2,
figqure 2a}),

Two site-specific fault investigations that have been performed along the
Beal Beach fault include Davis (198l) and Fisher and Stoney (1983) (figures
23, 3a). The Davis (198l) investigation located the Seal Beach fault in a
trench excavation (trench A) across a linear swale on Ianding Hill



(figure 2a), The fault offset the base of a paleo B soil horizen about & to
10 cm (apparent vertical separation}. The age of the palecsol was estimated
to be about 125,000yr old, The top of the palecsol alsc waz reported to be
offset and the relative goil profile development suggested that the =oil
fomed approximately 35,000 to 50,000ybp. Traces of the fault extended upward
into the C, horizon. It is possible that the fractures continued into the
modern solum, but extensive modification due to rodent burrowing and
artifigial fill hawve cbscured scil-fault relationships., It was concluded that
displacement along the Seal Beach fault continued through late Fleistocene
time, probably to within the last 15,000 to 20,000 years ago (Davis, 1981).
The sense of apparent vertical separation {(down-to-the-southwest) doesn't
appear to coincide with the geomorphic expression of the fault at Landing Hill
{generally a northeast-facing scarp). However, there may be very little
component of vertical offset along the fault and the anamolous vertical
gseparation can be explained by right-lateral strike-slip offset of a gently
sloping surface. The magnitude of lateral offset could not be determined.

Fisher and Stoney (1983) excavated trenches across the Seal Beach fault
on U,8, Navw property located about 600 meters southeast of the Davis (lo8l)
site (figure 2a). Trenches 3 and 4 exposed faulted late Pleistocene lakewood
Formation. The near-vertically dipping fault had a strike of N50%,
conalotent with the fault exposed at the Davis (1981) zite and the general
trend of the Seal Beach fault delineated by oil field data, and from seigmic
refraction data performed by Fizher and Stoney (1983). Evidence of Holocene
faulting was not observed in the excavations. The "topsoil" unit exposed in
trench 4 is not offset; however, the topsoil unit was not ewaluated in detail
g0 the relative age of the =oil unit is unknown. Fisher and Stoney concluded
that evidence of recent surface rupture was not observed in trenches 3 and 4.

A sparker-arcer geophysical survey was conducted by Alpine Geophysical
Acsociates, Inc. in the Huntington Harbor area of Sunset gap for Bechtel
{1967), The seismic reflection survey identified the Beal Beach fault in the
subsurface of HBuntington Harbor, The fault could be traced from a depth of
150 meters below sea level "upward through the surface layers”. Merrill
(1977) located the fault by seismic profiling at a depth of about 18 meters.
Evidence of offset late Holocene deposits was not reported in a 5.8-meter-deep
trench exposure across this fault at the same locality (Freeman, Benfer, and
Merrill, 1976) (figure 2a, Table 1l). A foasil shell horizon exposed in the
excavation at a depth of about 2 meters was radiometrically dated at 1243 *

100 vhbp.

Eolgsa Chica Mesa and Belsa Gap

The North Branch (High School) fault in the Huntington Beach oil field is
characterized by a through-going, right-lateral strike-slip fault (Hazenbush
and Rllen, 1958) (figure 2a). An approximately 120-meter-wide "shatter zone"
located in Bolsa gap represents a left-step in the fault zone (locality 3,
figure Za), Foland and others (1956) mapped the North Branch fault in Bolsa
Chica mesa, based on an abrupt southwest-facing escarpment in late Pleistocene
deposits (locality 4, figure 2a), CDWR (1968) mapped an approximately
275-meter-wide zone of concealed faults they considered to be the North Branch
fault. WCC (1984) exposed evidence of Holocene-active faulting along the
North Branch fault on Bolsa Chica mesa (figures 2a, 4). A thick B soil
horizon is offset and, in trench T-2, the A s0il horizon appears to be offset
along a moderately to steeply northeast-dipping fault (figure 4). However,
the relationship between the fault and the A soil horizon was not clear on the
opposite gide of the trench according to P. Guptill (p.c., June 1985}). The
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fault was also obaserved by WCC (1984) in a cut slope along the southeast side

of Bolsa Chica mesa (figure 2a). The fault offsets both the B and A goil
horizons, consistent with the offset exposed in trench T2 (figures 2a, 4).

CDWR (1968) showed the Bolsa agquifer, an early Holocene deposit, as
of fzet along the Morth Branch fault in cross section G=G' (near locallty 5.
figure 2). An approximately &é-meter apparent vertical offset (northeast side
down) of the Bolea aquifer was interpreted from wells BSO-1A and NB-1., These
wells are located about 335 meters apart and are the only shallow control
points in Bolsa gap. CDWR stated that the apparent vertical offset could be
due to normal stratigraphic discontinuities or a meander in the ancient stream
channel. However, there is a marked contrast in salinity in ground water
across this inferred fault and ground water elevations are different across
the inferred fault (CDWR, 1968; WCC, 1984). WCC (1984) concluded that the
width of the 275-meter-wide zone of faults comprising CDWR's North Branch
fault could not be supported, based on the widely spaced water well control
points.

Huntington Beach Mesa

Prior to investigations by WCC (1984), the location of the North Branch
fault across Huntington Beach mesa was not clearly known. Foland and others
(1956) had inferred a fault across the mesa, based mainly on oil-field
information and some general geomorphic features (figure 2a). CDWR (1968)
based the location of the principal trace of the North Branch fault on
topographic expression, inferring from & to 12 meters of vertical offset of
the upper Pleistocene land surface, C(DWR (1968) mapped two additional faults
on the mesa, but it is not clear what evidence wasz used, other than a
continuation of the faults inferred from water well data in Bolsa gap
{figure 2a).

Miller and othars (1975) mapped the Worth Branch fault as a concealed
trace across Huntington Beach mesa. This fault was generally based on Poland
and others (l956) (figures 2a, 2b), Miller stated that he wag unable to
verify a throughgoing fault across Huntington Beach mesa.

An investigation by Dames and Moore (1974} failed to locate the Noxth
Branch fault in one l0B-meter-long trench and 3 test pits in late Pleistocene
deposits (figure 2a). Dames and Moore concluded that no faulting comes within
1,000 feet of the ground surface. Dames and Moore based the location of their
trench on oil field data from Chevrion U,S5.A.

Keaton (1975) located what he called minor faulting in the Huntington
Beach mesa, but he did not locate a maln trace, based on exploratory borings
(figure 2b). FKeaton (1975) concluded that the trace of the North Branch fault
is located north of boring 3 (figure 2b), Keaton observed several amall
faults in @ railroad cut north of 17th Street (locality 6, figure 2b). Only
one fault was continuous and observable on both sides of the railread cut.
This fault had an apparent down-to-the-south vertical offset of about 3 cm in
late DPleistocene deposits. The deposits are thought to be greater than
40,000y old, based on radiocarbon dating. Evidence of Holocene offset was not
observed, according to Keaton. R, Miller (p.c. June 1983) stated that the
faults exposed in the rallroad cut seemed to be minor faulting and that the
principal fault was located a short distance to the south. Miller reperted
that late Pleistocene sediments and an old soil horizon (paleoaocl?) are

anticlinally folded (arched) acress this small hill, indicating that it iz a
pressure ridge.



WCC (1984} logged several cut slopes and trenches along the Worth Branch
fault along the west edge of Huntington Beach mesa (locality 7, figure 2a). A
zone of faulting about 24 meters wide was cbserved in cut slope C-1 (figures
2a, 5}). A marine sand unit contained fossils, which suggested an age of the
sand of about 120 ka (WCC, 1984). This marine sand unit could not be
correlated across the fault, indicating a significant, though indeterminant,
amount of lateral or vertical offset, The principal fault zone, which
consists of 3 near-vertical shears, apparently does not offset an owverlying B
soll horizon., However, WCC (1984, p. 24) gtated that some traces of the major
fault zone could be traced up inte the base of the selil =zone, but that the
501l had been highly disturbed by animal burrowing., In addition, old oil
field grading operations hawe digturbed surface and near-surface conditions.

ut slope C-2 rewaled a fault zone about 14 meters wide. Faulis are
vertical teo near-vertical, and the principal fault trends W55°W (figure 6).
B siltstone bed hag an apparent wvextical offset of ].4 meters
{down-to-the-southwest), A sand unit {(units & and 13) overlying the siltstone
exhibits different facies across the fault, indicating that an undeterimined
amount of lateral offset has occurred. The fault can be traced up to the base
of a B soil horizon., Although the B horizon is noticeably thicker on the
southwest side of the fault, rodent burrowing has obscured soil-fault
relationships, Howaever, a C horizon mapped on the scuthwest side of the fault
was not continuous across the fault, indicating that faulting may inwolwe the
modern soil,

Additional small faults were reported in trenches T-1, T-2, and T-3.
Minor, apparently vertical digplacements with both normal and reverse sensges
of offset were reported, WCC (1984) interpreted these features as minor
faults probably related to regional uplift and folding of the Pleistocene
sediments and stated that they are not related to deep~seated faulting in
either trend or spatial association. However, one minor fault exposzed in T-2
offsets the base of a B goil horizon about 1 em. The trend of this fault is
N3i5°W (figure 2a).

Santa Ana Gap - Newport Mesa

Poland and othars (1956) mapped a single, concealed trace of the North.
Branch fault in Santa Ana gap, based on water-well and oil-well data
{(figure 2b)., CDWR (1966) mapped a complex zone of faults compriszing the North
Branch fault in Santa Ana gap that are based on water-well data. The
principal trace of the North Branch fault is bracketed by wells about 30
meters apart. The Talbert aquifer, a lower Holocene deposit, is not offset
along the North Branch fault as depleted in COWR (1966) cross sections B-B'
and C-C', The North Branch fault fomms a salinity barrier in late Pleistocenhe
sediments, but the Talbert aquifer has a very high salinity content on both
sides of the North Branch fault (CDWR, 1966).

Poland and others (1956) did not map the North Branch fault on Newport
masa. CDWR (1966) mapped two traces of what can be considered the Noxrth
Branch fault; a gueried and inferred fault to the north and a solid-lipe fault
about 1.8 ¥m to the south where late Pleistocene Lakewood Formmation i offzet
(figure Zb), Miller (Miller and others, 1975; p.c., June 1985} did not find
convincing evidence for a through-going fault on west Newpert Beach mesa,
based on close examination of upper Pleistocene deposits exposed in the
bluffs. Howewer, Miller did obserwve minoxy faults cutting the upper
Pleistocene deposits. Some faults coffaset the base of the terrace depusits up
to 3-1/2 meters in an apparent wvertical separation, Miller 4id pot chserve
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evidence of significant lateral off=set along these faults (i.e., different

facies across fault or different thickness of beds across fault). Moat of the
faults Miller mapped had a more northerly trend than the principal fault zone,
perhaps indicating (1) minor faulting related to uplift and warping of the
mesa surface, or (2} secondary faulting away (north) from the principal trace
of the Newport-Inglewood fault zone,

Guptill and Heath (198l) provided evidence of prokable Holocene and
posaible historie surface fault rupture along the North Branch fault in
Newport mesa (locality 8, figure 2b). At one site where late Fleistocene
deposits are offget, the pattern of faulting is complex. A horst block of
late Pleistocene sand is uplifted about 60 cm between two shears (figures 2b,
7; photo 3). Different facles across the fault indicate that lateral offset
has occurred. A palesol is offset and cumulative vertical separation of about
50 ¢m has occurred across a B soil horizon. Howewver, the complete soil

horizon has not been preserved at this site.

Evidence of poaslible historie surface faulting was cbaerved about 120
meters to the southeast along an east-facing cut slope (Guptill and Heath
198l1) (figure 2b), A fault was traced from the base of the slope upward
through late Pleistocene deposits, The fault vertically offsets a B soil
horizon and older £ill (figure 8; photo 4), A distinctiwe laminated fine
sand, called “"puddle deposait” by Guptill and Heath (19&8l), is thought *to
repregsent a fomer ground surface. 0l4, pre~1933 £fill was placed on top of
the puddle depogit; both are offset, the sand about 30 cm, down—to-the-west
(figure 8; photo 4). Guptill and Heath (198l) concludad that these data
document. historical surface faulting on Wewport mesa, probably associated with
the 1933 Long Beach earthguake,

BOLSA-FAIRVIEW FAULT

The Bolsa-Fairview fault was originally zeoned for Special Studies in
1976, based on mapping by CDWR (1968) (figure 2a), Poland and others (1956)
firat mapped a part of the Bolsa~Fairview fault. They inferred a fault in
northern Newport mesa, based on water-well data that indicated an apparent
vertical offset of at least 90 meters (north-side-up) of lower Fleistocene San
Fedro Formation at a depth of about 240 meters and the presence of a hot
spring (figure 2b), CDWR (1966) connected the inferred fault of Poland and
others (1956) with a fault in the Talbert oil field (Santa Ana gap) mapped by
Loken (1963) (figure 2b). Ioken (1963) concluded that the fault west of
Newport mesa did not offset Pleistocene deposits and the sense of offset was
opposite (north-side-down) to the fault mapped by Poland and others (1956).
CowWwR (1966) reported that the Bolga~Fairview fault in the Santa Ana gap was a
partial ground water barrier in Pleilstocene deposits, but the Talbert acuifer
(lower Holocene) was not offset,

CDWR (1968) inferred the location of the Bolsa~Fairview fault in the
Huntington Beach~Bolsa Chica area based on: (1) the topography on Huntington
Beach mesga, (2) an inferred 3-meter vertical offset of the lower Holocene
Bolega aquifer, (3) differences in ground water quality in late Fleistocene
deposits across the inferred fault, and (4) &il-well data northwest of Bolsa
Chica mesa in the Sunset oil field.

The topographic evidence of recent faulting acroszs Huntington Beach mesa
is based mainly on a linear gully (locality 9, figure 2a), The fault pasaes
through the Sulley-Miller sand pit (locality 10, figure 2a), where late
Pleistocene deposits are exposed., Keaton (1975) reported that contorted,
fine~grained sand beds were the only indication of faulting near the trace of
the Bolsa-Fairview fault. Miller (Miller and others, 1975; p.c., June 1985)
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and WCC (1984) 4id not obeerve evidence of offsetr late Pleistocene deposlts in
this Pit .

The inferred 3-~meter offset of early Holocene deposita (Bolsa aquifer} in
Bolsa gap was based on two water wells located about 76() meters apart (cross
section H-H', CDWR, 1%68). It is doubtful that this magnitude of displacement
conld be interpreted correctly from such little vontrol. In Sunset gap, Cross
gection E-E' shows the Bolga-Fairview fault as concealed hy all upper
Fleistocene deposits and the upper section of lower Pleistocene deposits
(CDWR, 1%68). OQil-well data from the Snset oil field indicates that
subsurface faults in the vicinity of the surface trace of the Bolsa-Fairview
fault do not offset deposits younger than early Pliocene and that there
doesn't seem to be a through-going fault similar to the Bolsa-Fairview fault
(Allen and Hazenbush, 1957), WCC(1984) concluded, based on a literature
review and limited field checking that the Bolsa-Fairview fault is not a
Holocene active fault and may be an artificial alignment of inferred fault
features.

Several site-apecific fault inwvestigations, including trenching, hawve
been perfomed along the Belsa-Fairview fault since the fault was goned for
Special Studies (figqure 22; Table 1). Evidence of the Bolsa-Fairview fault
was not reported in any of these inwvestigations, although the quality of the
investigations varied
(Table 1}.

SCOUTH BRANCH FARULT

Poland and othars (1956} inferred the location of the South Branch fault
across Huntington Beach mesa based on & gentle ascuthwest—facing slope {or
ramp) and "structural features" at depth (locality 11, figure 2a). They
stated that geoclegic, hydrologie, and geochemical evidence nejither supported
nor disproved the existence of a fault in Fleistocene deposits. COWR (1966)
mapped the South Branch fault as offsetting late Pleistocene deposits, but
concealed by early Holocene deposits (Talbert aquifer} in the Santa Ana gap
(cross secticng B-B', C-C', CDWR, 1966) (figure 2b). The South Branch fault
is not a saltwater barrier.

COWR (1%68} inferred the location of the South Branch fault based on
Poland and others (1956) (figure 2a). CIWR (1968) does not map the fault as
wffsetting the early Holocene Bolsa aguifer and there apparently was
insufficient data to delineate the Scuth Branch fault in Bolsa gap. Hazenbush
and Allen (1968) mapped faults beneath Bolea gap that are roughly parallel to
the Scuth Branch fault, but the faults do not offset units younger than lower
Flioccene.

Glen Brown and Associates (1971} reported that a partial salinity barrier
existed in the early Holocene Bolsa aquifer acrevss the South Branch fault,
based on pump test data from well BSO-1A (locality 12, figure 2a), WCC (1984)
disagreed with the interpretation that the South Branch fault acts as a
bartial salinity barrier because: (1) well BSO-1A iz located north of the
North Branch favlt, which is a salinity barrier, and (2) ne other workerz hawe
reported that the South Branch fault is a salinity barrier in Holocene
dﬂpositﬂo ‘

Erickseon (1976) trenched the inferred South Branch fault on the southwest
end of Huntington Beach mesa (figure 2a). The trench, located just south of
the Poland and others (1956) fault location, did not expose evidence of



faulting. Erickson based the location of the trench on subsurface oil-well
data, rather than topographic features. WCC (1984) inspected a gully for
evidence of recent faulting along the inferred fault of Foland and others and
also excavated a trench across the fault trace {figure 2a). WNo evidence of
faulting in late Pleistocene deposits was obaerved. WCoC concluded that nealr
surface faulting in Pleistocene and Holocene deposits has not cecurred along
the Sounth Branch fault.

R. Miller (p.c., June 1985) inspected the gully which delineates the
inferred South Branch fault on the southwest side of Huntington Beach mesa.
Miller did not observe evidence of a significant fault, although he did report
a minor fault with a few centimeters of displacement in late Pleistocene
deposits. Miller concluded that, although oil-well and near-surface
hydrologic data do not support the existence of a significant fault, there may
be a fault or faults in the subsurface which have produced warping in the mesa
gurface rather than surface fault rupture.

OLIVE AVENUE FAULT

The Olive Avenue fault was mapped as an inferred fault by Poland and
others (1956) (figure Z2a). No mention of this fault was made in the text of
Poland and others, and it is not known what evidence was used to infer this
fault. CDWR (1968) did not map this fault, Miller and others (1975) show
this fault as concealed, based on Poland and others (1956) (figure Z2a).

YORKTOWN, ADAMS AVENUE, AND INDIANAPCLIS FAULTE

Northwest-trending faults in Santa Ana gap mapped by COWR (1966) include
the Yorktown, Adams Awenue, and Indianapolis faults (figure 2h),., These faults
have been inferred mainly from hydrologic data. Early Holocene deposita are
not offset along any of these faults; none are seawater intrusion barriers in
the lower Holocene Talbert aquifer (CDWR, 1966). These faults do not offaet
the uppermost Fleistocene deposits, where they haven't been ercded (cross
sections B-B', C-C', CDWR, 1966). Well-data points for control of

interpretation of these faulta is generally poor.

Through-going faults at depth were not mapped between Adams Avenue and
the North Branch fault by Hunter and Allen (1857), indicating that the broad
zone of faults mapped by COWR (1966) probably has no counterpart at depth,

Additional faults mapped in the Santa Ana gap by CIWR (1966) (faults A,
E, ) generally are poorly constrained by well data (figure 2b). These faults
do not offset the Talbert aguifer (early Holocene) .

SANTA ANA RIVER FAULT SYSTEM

3 zone of discontinuous north- and northeast-trending faults on the east
side of Santa Ana gap was mapped by CDWR (1966) (figure 2b). CIWR interpreted
these features, which they called “stress relief" faults, based on changes in
the mineral cuality of ground water between Newport mesa and Santa Ana gap.
CDWR stated that the nature and magnitude of these faults are not well known.
Nope of these faults are shown to offset early Holocene deposits (cross
sections A-A', G-G', and F-F, CDWR, 1966}.

additional published maps of the gouthern Newport—Inglewood fault zone

include Morton and others (1973), Ewocldsen and others (19272), Ziony and others
(1974), and Huntington Beach Planning Department (1274; based on Lelghton-Yen

and Associates, 1973). These maps basically are compilations of the mapping
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of Foland and others (1956) and CDWR (1966, 1968) and do not provide
additional information.

INTERFRETATION OF AERIAL PHOTOGRAPHS AND FIELD OBSERVATIONS

Aerial photographic interpretation by this writer of faults in the
northwestern coastal Orange County satudy area was accomplished using Fairchild
aerial photos (C-113, 1927, scale 1:18,000) and U.8. Department of Agriculture
air photos (AX¥, 1952, scale 1:20,000).

Approximately three days were spent in the study area in June and 1/2 day
in September 1985 by this writer in order to verify, if posaible, selected
fault segments interpreted from air photos and examine fault axposurss in
Huntington Beach and Newport mesas. This writer was accompanied in the field
by Paul Guptill on June 12 and W.C. Armstrong of the West Newport Oil Company
on September 18. Field mapping in the study area iz limited by intense
development and the generally marshy conditionsg in areas that have not yet
been dewloped. Results of field obaervations by this writer are sumarized
on figures 3a and 3b.

SEAT, BEACH AND NORTH ERANCH FAULTS

The Seal Beach fault in the study area is moderately well defined in the
Bixby Ranch Hill and ILanding Hill areas {figure 3a). Fault traces mapped by
this writer agree fairly well with faults mapped by Poland and othara (1956),
although the location of the fault in the very northwestern part of the study
area differs by about 60 meters (locality 13, figures 2a, 3a). Geomorphic
evidence indicating recent faulting includes scarps and troughs in late
Pleistocene terrace deposits, possible closed depressions, and a possibie
right=laterally deflected terrace riser (locality 14, figure 3a). In
addition, linear tonal contrasts further indicate the location of the fault
(figure 3a), However, much of the ground surface on Bixby Ranch Hill had been
modified by oil field grading since the early 1920's.

Geomorphic expression is generally lacking in late Holocene deposits in
Alamitos and Sunset gape {locality 1, 2, figure 3a). In Sunset gap two small
hillocks, presumably underlain by late Fleistocene deposits, suggest a general
location for the Seal Beach fault (figure 3a). At Hog Island, the poasible
location of the Seal Beach fault is delineated by a tonal lineament, linear
drainage, and right-laterally deflected drainage in late Holocene deposits
(Figure 3¢), However, the trend of these features is more northerly than the
trend of the principal trace of the Seal Beach fault. Thus, these features
could be a fortuitous alignment in saturated estuary depesits, or, possibly .,
they could be an en echelon fault break, Additicnal tonal lineaments and a
poasible graben suggest the location of the Seal Beach fault in Sunset gap.,
although these features may be the result of seismic ghaking or, perhaps, are
unrelated to tectonic processes (figures 3a).

The North Branch fault on Bolsa Chica mesa is delineated by a moderately
well-defined, southwest-facing scarp, tonal lineament, and a closed depression
in late Pleistocene terrace deposits (locality 4, figure 3a). The location of
the fault mapped by this writer agrees well with the fault mapped by Poland
and others (1956) and the faults exposed by WCC {1984). It iz not clear
whether the southwest~facing scarp has been formed only by recent faulting, or
has, in part, been formed by erosion. The "downthrown" side of the fault is
relatively flat, indicating that it may be a wavew-cut bench. Thus, it is
possible that the southwest-facing scarp is ercsional,
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Right-lateral strike-slip faulting is suggested by the right-lateral
deflection of a drainage in Bolsa gap {(locality 15, figure 3a). This
right-lateral deflection coincides fairly well with the deep~seated fault zone
mapped by Hazenbush and Allen (19%58). However, supporting geomorphic evidence
of recent faulting was not cbserwed in Bolsa gap, 80 it is a tenuous
assumption to conclude that recent faulting caused this deflection.

The North Branch fault is moderately well defined on Huntington Beach
mesa, although oil field grading has locally modified the ground surface
{(figures 3a, 3b). The location of the principal trace of the Horth Branch
fault described by WCC (1984) was confirmed by this writer on the west side of
Huntington Beach mesa (locality 7, figure 3a), Here, near-vertical faults
offset beds of late Plelstocene terrace and marine deposits. The strike of
the faults vary from N40%W to N60°W (figure 3a; photos 1, 2). Seil-fault
relationships were extremely difficult to interpret due to extensive animal
burrowing and oil field grading. Geomorphic evidence of recent faulting
across Huntington Beach mesa includes closed deprescions, a left-laterally
deflected drainage, pressure ridges in late pleistocens terrace deposits, and
associated scarps (figures 3a, 3b). The North Branch fault is discontinucus
and forms a left-stepping en achelon pattern across Huntington Beach mesa,

The North Branch fault generally is not well defined in Santa Ana gap
southeast of Huntington Beach mesa. & tonal lineament in Holocene alluwvium
and a possible closed depression align with the linear drainage on Huntington
Beach mesa (locality 16, figure 3b), but farther southeast, the only evidence
suggestive of faulting in Santa Ana gap is a weak tonal lineament in Holocehe
alluvium (figure 3b).

Geomorphic evidence of recent faulting on Newport mesa is very sparse,
consisting of a vague, modified swale with associated tonal lineamentz in late
Pleistocene deposits (figure 3b)., A prominent drainage across the southern
part of the mesa is not offset {locality 17, figure 3b). The locaticns where
Guptill and Heath (198l) found evidence of Holocene faulting are not
characterized by geomorphic evidence of recent faulting, based on
interpretation of Fairchild 1927 air photos. However, a field check of these
sites by this writer verified the iocation of the faults (locality B,
figure 3b; photos 3, 4), The fault that offsets pre-1933 (7) £ill can be
traced down into late Pleistocene terrace deposits, Here, the fault appears
to be normal; the attitude of the fault is N30% 48°8W (figure 3b).

Howsver, the attitude of the fault where it offsets the B soil horizon and old
£fill is N320y B5ONE, which differs from the N12°W attitude reported by
Guptill and Heath (198l). The slope of the mesa bluff had been cut back at
least 1 meter, so perhaps there is some variation in the fault plane surface.
A trench excavated by W.C. Ammstrong crossed Guptill and Heath's fault trace
about 25 meters northwest of their site (figure 3b). The fault exposed in the
trench offsets the B soil horizon. The fault trends N129%W and has a
near~vertical dip.

An approximately 90-meter-wide zene of faults was observed by thils writer
along the southwestern side of Newport mesa (locality l1lg, figure 3b). The
faults had relatively minor apparent vertical displacements of up to 1 meter.
A small branch fault on the southwestern side of the zone appears to offset a
s0il unit similar to the paleoscl at the "horst block™ gite described by
Guptill and Heath (figure 7).

additional, minor faults were ocbgserved in southern Hewport mesa (figure
3b). A prominent soil profile has development on the mesa surface (U.,B8.8.C.8.,
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1978) and this profile did not seem to be offset, based on very brief
observations. Howewer, it must be cautlioned that many of the fault exposures
are very subtle and very careful excavation and chservations are necessary in
order to satisfactorlily determine recency or lack of recent faulting.

BOLSA-FAIRVIEW FAULT

The Bolsa-Fairview fault could not be wverified in Bolga Chica mesza and
Bolsa gap, based on interpretation of 1927 Fairchild air photos. On
Huntington Beach mesa the mapped fault of CDWR (1968) is delineated by a
linear drainage and a left-laterally deflected drainage (locality 2, figure
2a), Mo additional evidence supporting recent faulting on Huntington Beach
mesa wag observed by this writer, based on interpretation of 1227 Fairchild
and 1952 U,8.b,A, air photos (figures 2a, Zb). It is entirely possible that
the linear and left~laterally drainages are formed ly erosion, The location
of the Bolga-Fairview fault could not be verified in Santa Ana gap and Newport
mesa, based on ailr photo interpretation by this writer.

S0UTH BRANCH FAULT

The inferred traces of the South Branch fault mapped by Poland and others
{1956) and CIWR (1968) in Bolsa gap could not be wverified by this writer,
based on interpretation of Fairchild 1927 and USDA 1952 air photos. The
location of the South Branch fault on Huntington Beach mesa is delineated by a
southwest-facing slope, a very broad northwest-trending trough, and closzed
depressions (figures 2a, 2b). ‘fhe closed depressions do not appear to he
related to faulting, as there are a number of ¢losed depressions on Huntington
Beach mesa (figures 2a, 2b, 3a, 3b), Additional geomorphic evidence of recent
faulting was not observed by this writer, based on alr photo interpretation.
The soutliwest-facing slope is guite gentle and could have formed from either
broad warping of the late Fleistocene surface or wave drosion, rather than
from dligorete fanlt rupture events, The location of the South Branch fault in
Banta Ana gap was not verified by this writer.

ADDITIONAL. BRANCHEE OF NEWPORT-INGLEWCOD FAULT ZONE

Additional branches of the Newport=Inglewocod fault zone, including the
Olive Awerue, Yorktown, BAdams Awenue, Indianapelia, and the S8anta Ana River
fault system, could not be werified on Huntington Beach and Newport mesas,
based on air phote intsrpretation by this writer (figures 2a, 2Zb).

SEISMICITY

The Newport-Inglewood fault zone 1ls seismically active (figure 9). The
1933 M6.3 Iong Beach earthquake occurred along the Wewport-Inglewood fault
Zone approximately 5,6 km offshore from Newport Beach. No surface yupture was
reported to have oecurred during this earthegquake, although congiderable ground
failure due to shaking (liguefaction, seismic settlement, lateral spreading)
was reported (Barrows, 1974). WCC (1979) concluded that the best-fit focal
mechanism for the 1%33 Long Beach earthquake is right-lateral strike-slip
along & B409%-trending, near-vertical fault with a focal depth of about
10 km. The average displacement at depth along the fault during this event
(from seismic moment calculations) is 31 to 46 com.

-] 2=



CONCLUSIONS

The Newport-Inglewood fault zone iz a difficult feature to evaluate in
tems of the hazard of surface fault rupture, The conclusions of Harding
(1973) assume that the Wewport~Inglewood fault zone is characterized by the
wrench-tectonic style of defomatlon. This style of deformation, which
Harding considered to be in the early stages of structural development {after
Wilcox and others, 1973), is characterized by a complex pattern of generally
discontinuous, left-stepping en echelen right-slip faulta and associated
anticlinal folding. &8lip-rate caleculations of 0.5m/yr by WCC (1272) further
suggest that the surface expression of traces of the Newport-Inglewood fault
zone is probably subtle, However, it is not c¢ertain how the late (uaternary
slip-rate relates to the late Cenozole slip-rate calculated by WCC (1979). If
the slip-rate has remained relatiwely constant from late Miocene through late
Muaternary time, one should anticipate that the geomorphie expression of
individual strands along the Wewport-Inglewood fault zone would be only
moderately well defined at best. In additien, the seft, easlly erodable
(uaternary rocks and alluvium along the fault zone would not allow the
preservation of ephemeral featurea that develop along strike-slip faults.

SEAL BEACH AND NORTH BRANCH FAULTS

Traces of the Seal Beach fault in Bixby Ranch Hill are generally only
moderately defined in the study area due, in large part, to oil field grading
that occurred in the early 1920's (figure 3a). The fault trace firat mapped
by Poland and others (1956) and zoned for Special Studies in 1976 seem to be
mislocated about 60 meters to the northeast, based on air photo interpretation
by this writer (leocality 13, figures 2a, 3a).

The Seal Beach fault in Landing Hill is moderately well defined and is
delineated by a northeast-facing scarp in late Pleistocene deposits
{figure 3a), The fault first mapped by Poland and others (1956) and CDWR
(1268), and zonad for Special Studies in 1976, was verified by this writer
(figures 2a, 3a). Fault inwestigations by Davis (1928Bl) and Fisher and Stonay
{1983) exposed evidence of very latest Fleistocene (15,000 to 20,000ybp)
faulting aleng the Seal Beach fault, although it was possible that the fault
extended up into the modern solum.

The Seal Beach fault is poorly defined in late Holowvene deposits in
Alamitos gap (figure 2a). However, this is the principal drainage course of
the 8an Gabriel River, and it is unlikely that geomorphic evidence of
strike-slip faulting would be preserved for very long in an actiwve floodplain
enviromnent, Southeast of Landing Hill, the location of the Seal Beach fault
in Sunszet gap is suggested by two hillecks presumably underlain by late
Pleistocene deposits {localities 1, 2, figures 2a, 3a). Sunset gap i=
underlain by late Holocene floodplain and estuary deposits and propagation and
preservation of surface fault features is probably unlikely. The features
between landing Hill and Hog Island mapped by this writer (figure 3a) may be
related to surface faulting, seismic shaking, or normal sedimentation
processes in an estuary environment. These features do correspond in a
general way with the projected trend of the Seal Beach fault, but they are
very weak evidence of recent faulting.

The Nerth Braneh fault across Bolsa Chica mesa ia moderately well defined
and Holocene faulting is suggested by a closed depression asscciated with a
southwest~facing scarp (locality 4, figure 3a). WCC (1984) exposed evidence
of Holocene-actiwve faulting along the Worth Branch fault on Bolsa Chica mesa
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{tigures 3a, 4). A thick B =oil horizon is offset and, in txench T-2, the A
s0il horizon seems to be offset. However, the relationship between the fault
and the & soil horizon was not clear on the opposite side of the trench (P.
Guptill, p.c., June 1985). The A soil horizon is also offset along the North
Branch fault, based on a cut slope exposure on the southeast side of Bolsa
Chica mesa logged by WCC (1984). The sense of the vertical component of

of fset exposed in trench T-2 (WCC, 1984) is oppesite to the down-to-the-
southwest sense of vertical displacement indicated by the scarp on Eolma Chica
mesa., WCC (1984) concluded that this apparent inconsistency was best
explained by predominantly horizontal offzet of beds with lateral variations
of thickness and dip. However, the =mouthwest—facing scarp may not be entirely
fault related, but rather a combination of faulting, wave erosion, and,
possibly, surface warping.

The Worth Branch fault generally is poorly defined in Bolsa gap, although
a right-laterally deflected drainage suggests the logation of the fault
(locality 15, figure 3a). WCC (1984) concluded that the width of the
275-meter-wide zone of faulting in Bolsa gap mapped by CDWR (1968) was not
supported by oil-well data and the shallow water well data cited by CDWR,
Also, this wide zone of faulting is not supported by the pattern of faulting
observed on Huntington Beach mesa by WCC (1984) and this writer {(figures
2a-2h, 3a-3b}. Geomorphic evidence suggesting Holocene faulting along the
North Branch fault in Huntington Beach mesa includes scarps in late
Yleistocene deposits associated with cloaed depresaions and a left-laterally
deflected drainage (stream capture) (figure 3b). The fault is moderately well
defined, and although discontinuous, WCC (1984) exposed evidence of late
Pleistocene and possible evidence of Holocene offset along the HNeorth Branch
fault on the west side of Huntington Beach mesa (figurea 3a, 3, 6}, A B scil
horizon may be offset, but animal burrows and oil field grading have obscured
soil /fault relationships.

The location of the North Branch fault in Santa Ana gap southwest of
Huntington Beach mesa is problematical. The gap is underlain by late Holocene
floodplain deposits of the Santa Ana River, so gecmorphic evidence of recent
strike-slip faulting probably would not be preserved for any length of time.

A vague tonal lineament in Holocene alluvium may delineate the location of the
fault (figure 3b). Guptill (p.c., June 1985) obgserved a linear tonal contrast
near this location, based on interpretation of 1938 air photos. Early
Holocene deposits reportedly are not offset in the subsurface along the North
Branch fault in Santa Ana gap according to CDWR (1966). FHowever, California
Department of Water Resources' interpretations are limited to well and ground
water data.

Guptill and Heath (1981} reported evidence of Holocene and possible
historie surface fault rupture along a segment of the North Branch fault in
Newport mesa (figures 2b, 3b). The locatioen of these exposures is within 45
to 60 meters of faults mapped by DWR (19€6) and Miller and others (1975)
{locality 8, figure 2b), Although the offset fill was confirmed by this
writer (figure 3b), the fault has a paucity of geomocrphic features indicating
recent faulting (figure 3b), It is possible that this fault rupture is
aszociated with the 19233 Jong Beach earthguake, but iz a secondary rupture
event north of a postulated principal fault located offshore of Newport
Beach, On the other hand, the North Branch fault may be very complex and
distributive in the Wewport Beach area., O0il field data indicates that the
fault zone changes to a more northerly trend in the Santa Ana gap areé.
perhaps producing faults with a greater component of normal offset, Cross
sections of the West Newport oil field by Hunter and Allen (1956) tend to
support this hypothesis. R. Miller {(p.c., June 1985) concluded that the
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principal trace of the Newport-Inglewocod fault probably lies offshore of

Newport Beach and that the historic faulting reported by Guptill and Heath
(19£1) occurred along a secondary fault.

BOLSA-FAIRVIEW FAULT

The Bolsa-Fairview fault, partly zoned for Special Studies in 1976, was
thought to be a right-lateral strike-zlip fault (CDWR, 1966, 1%68). COWR
{1968) mapped the fault as offsetting early Holocene deposits in Bolsa gap.
However, this interpretation was based on two shallow water wells located
about 760 meters apart (figure 2a). Direct observation of the Bolsa-Fairview
fault has not been made. The fault was inferred through a zand pit
{(Sully-Miller quarry; locality 10, figure 2a), but evidence of faulting was
not observed in late Pleistocene deposits by R, Miller (p.c., June 1985) and
WCC (1984), Keaton (1975) concluded that contorted bkeds in late Fleistocene
deposits represented the location of the Bolsa-Fairview fault, but discrete
fault planes were not observed. Contorted sand beds are not necessarily
formed by surface faulting, and it can be concluded that late Pleistocene
faulting was not verified along the Bolsa-Fairview fault in Huntington Eeach
mesa. The geomorphic expression of the fault on Huntington Beach mesa and
Bolsa Chica mesa is not well defined and those features on Huntington Beach
mesa that suggest the location of the fault may be eroasional (figures 2a, 2h).

Site-specific fault investigations along the Bolsa-Fairview fault did not
expose evidence of recent faulting, nor the existence of a fault along the
trace of the Bolsa-Fairview fault (Table 1, figure 2a). 0Oil field
interpretations do not show a fault near the Bolsa-Fairview fault that offsets
beds younger than early Fliocene. WCC (1984) concluded that there is no
evidence that the Bolsa-Fairview fault is Holocene active and that the fault
may be an artificial alignment of inferred fault features.

SOUTH BRANCH FAULT

The South Branch fault, first inferred by Poland and others (1956) across
Huntington Beach mesa, waa presumed to be a right-lateral strike-slip fault hy
CDWR (1966, 196B) (figures 2a, 2b}. CDWR (1968) aid not show the South Branch
fault to offset early Holocene deposits. The fault is not well defined as a
surface feature, based on alr photo interpretation by this writer (figures 2a,
2b). The southwest—facing slope inferred to delineate the Scuth Branch fault
across Huntington Beach mesa is not sharp and may be completely ercsional in
nature, although it may be a broad, tectonic warp in the late Pleistocene
surface . BSite specific fault evaluations by Erickson (1976) and WCC (1984)
did not expose evidence of faulting in late Pleistocene deposits. R. Miller
(p.c., June 1985) concluded that oil well data and shallow water well data do
not support the existence of a significant fault along the inferred trace of
the South Branch fault, although he conceded that the southwest-facing slope
could be a result of deep faulting manifested as folding at the surface.
However, if recent folding has occurred, it is wery broad, perhaps over 1 km
in width,.

OLIVE AVENUE FAULT

The Qlive Avenue fault was inferred across Huntington Beach mesa by
foland and others (1956) (figure 2a}. CDWR (1968) did not map this fault.
Miller and others (1975) mapped this fault as concealed by late Pleistocens
deposits (figure 2a). The fault was not verified by this writer, hased on air
Photo interpretation.
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ADDITIONAL BRAWCHES OF REWPORT-INGLEWOOD FAULT ZONE

Additlonal branches of the Newport-Inglewood fault zone mapped by CIWR
{1966) include the Yorktown, Adams Avenue, and Indianapolis faults and the
northeast—-trending Santa Ana fault system {(figure 2b). These faults, which
are based on shallow water well data, do net offset early Holocene alluvium
according to COWR (19266), and nohe are seawater intrusion barriers, The
faults were not verified by this writer in Santa Ana gap or on Newport mesa,
baged on alr photo interpretation (figure oh). Through—going faults at depth
were not mapped between Adams Avenue and the North Branch fault by Hunter and
Allen (1957), indicating that this broad zone of faults mapped by CIWR (1966)
has no counterpart at depth. It is possible that most of the hydrologic
conditions, interpreted by CDWR (1966} as representing faults, in fact would
represent nomal depositional conditions within an alluvial floodplain-estuaxy-
littoral environment.

RECOMMENDATIONS

Recommendations for zoning faults for Special Studies are based on the
ceriteria of "sufficiently active™ and "wall-defined" (Hart, 1985).

SEAL, BEACH AND NORTH BRANCH FAULTS

Zone for Special Studies well-defined faults shown on figures 10a, 10b,
and 10c. Principal references cited should be Poland and others (1956}, CEWER
{1968), Guptill and Heath (198l), WCC {1984), and this FER.
BOLSA-FAIRVIEW FAULT

Delete traces of the Bolsa-Fairview fault zoned for Special Studies in
1976 (figure 2a). Do not zone additiocnal traces of the Bolpa-Fairview fault.
These faults are neither sufficiently active nor well-defined.
S0UTH ERANCH FAULT

Do not zone. This fault is neither sufficently active nor well-defined.
ADDITIONAL BRANCHES OF NEWPORT-INGLEWCOD FAULT ZONE

Do not zone traces of the Clive Avenue, Yorktewn, Adams Avenue,

Indianapolis faults, and the Santa Ana River fault system. These favlts are
neither sufficiently active nor well-defined.
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TABLE 1 - Summary of A-F Consulting Reports

Consulting Report Fault Fault Recency
DMG file Investigated Located 7 Established Remarks
Uhl {1975) Bolga~Fairview No N/h No evidence of faulting reported in late Plelistocene
AP-2Q3 Iakewood Fm. Trenches did not cross mapped trace
of fault. No trench logs in report.
Eastman (1967a) Bolsa-Fairview Ho N/ Ko evidence of faulting reported in late Flelistocene
AP-2{8 Lakewood Fm. Trench did not cross mapped trace of
fault .
Stone (1976) Bolsa-Fairview Ho N/ Yo evidence of faulting reported in Holocene depos-—
Ap-247 its. Trenches crossed mapped trace, extended to &'
depth. Logs generalized.
Eagtman (1976hL] Bolsa-Failrview No H/a Ho evidence of faulting reported in Holocene (7)
AP-250 deposits.
Bell (1976a) Bolsa-Fairview Ho WA No evidence of faulting reported in late Pleistocene
AP-351 Lakewood Fm.

Bell (197¢6b} Bolsa-Fairview Ko H/A Mo evidence of faulting reported in late Pleistocene
AP-251 Lakewocod Fm. Trenches did not cross mapped trace.
Bell {1976cC) Bolsa-Fairview Ho N/4 No evidence of faulting reported in late Pleistocene
AP=-253 Lakewood Fm, Trenches did not cross mapped trace.
Freeman, Benfer, and Seal Beach No WS Cne l19-fcot-deep trench excavated by drag line. NHo
Merrill {1976) avidence of faulting reported in late(?) Holocene

AP-395 alluvium.
B=1l and Hanson Bolsa-Fairview Ho N/A 6 trenches excavated, TIr-3 {(sta. 1+00) had minor

{1977}
ARF-411

shearing in late Fleistocene(?) deposits, but frac-
tures did not extend into owverlying deposits, and it
was reported that fractures did not extend below
area shown in trench log.
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TABELE 1 - Summary of A-P Consulting Beports

Consulting Feport Fault Fault Re cency
DMG fille Investigated Iccated ? Established Femarks
Powers {1978) Bolsa~Fairview Ho H/A Trenches excavated, but none crussed mapped trace,
AP-1793 H¢ faulting reported in late Pleistocene Lakewood

Fm. A trench to SE did cross fault (J.D. Mexxill
repoxrt #74284, 12-17<77). HNo fault reported in late
Pleistocene deposits.

Cousineau {1979) Branch of Ho N/ Ho evidence of faulting reported in late Pleistocene

AP=1794

Bolsa-Fairview

Lakewood Fm.



Photo 1. View northeast of borrow pit oéhorthwest side of Huntington Beach mesa.
Main trace of North Branch fault (arrows) was identified by WCC (1984) (see
figure 5). The fault zone is about 25 meters wide at this location. Refer to
photo 2 for detail of fault (A).

Photo 2. Close—u&gf fault segment delineated
py arrow A in photo 1. Gravelly sand beds on
right side of fault were not observed on left
side of fault, indicating: a significant

but indeterminant amount of lateral or vertical
offset. The trend of the fault is N60°W 87°SW;
additional fault segments trend N40°W and have
a near-vertical dip.




Photo 3. View northwest of 'horst block'
exposed on Newport mesa (locality 8, figure
2b); pencil for scale. Trend of shears
bounding horst block varies from N22°W to
N30°W. Paleosol (arrows) and B soil horizon
are offset. Refer to figure 7 for log of
this feature.

<« Photo 4. View north of offset pre-1933

fill on Newport mesa that was first de-
scribed by Guptill and Heath (1981).
The fault plane, delineated by white
squares, trends N32°W 85°NE. Pre-1933
fill overlies 'puddle deposit' (arrows),
a thin, laminated fine sand. This deposit,
which overlies a B t soil horizon on
the right side of %he fault, was not ob-
served across the fault. Light grey
material at base of the exposure is
late Pleistocene terrace deposits. Refer
to figure 8 for log of this exposure.
(Note: exposure had been cut back about
1 meter since the time of the Guptill
and Heath log)
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Figure 1 (to FER-172). Iocation of faults and physicgraphic features in the
, horthern coastal Orange County study area. Map from CDWR (1968).
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Figure 9 {to FER-172}). Seismicity (A and B quality) in the study area for the period 1932 to 1984,
based on locations from California Institute of Technology. Faults are from Jennings (1962) ard
Rogers {1565) .



